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Introduction
In this paper, we empirically study the short-and long-run structural determinants of the existing cross-country heterogeneity in public-private pay differentials for a broad set of OECD countries. It has been argued that the existence of positive wage premia may affect labor market outcomes because of distortions on the optimal allocation of the labor force among economic sectors and create overall economy productivity losses. 1 An extensive literature has dealt with the estimation of public-private wage differentials in a large number of countries. The differentials tend not to be entirely explained by the individual attributes of workers and are found to be heterogeneous across countries both in terms of their size and their sign, even though positive gaps tend to prevail, thus signaling the existence of a so-called public-private pay gap. 2 Overall, unexplained positive public-private wage differentials tend to be larger for female workers, workers at the lower end of the wage distribution, and younger workers. 3 The existence of earnings differentials between the public and private sectors in a number of countries has also been highlighted by a strand of papers that uses macro (aggregate) data, 4 which stress the potential distortions in the labor market such a differential may induce. 5 The literature has provided some theoretical explanations to account for the crosscountry heterogeneity in public-private pay gaps. One body of research argues that the monopolistic power of governments in the provision of public services results in noncompetitive wage settlements. For example, starting from the observation that wage gaps tend to be larger in countries with lower shares of government employment, some authors develop models in which a smaller group of public employees derive monopoly power from a tighter control of the production of public goods/services. 6 The link between the monopolistic power of governments and noncompetitive wage settlements is amplified by the fact that the objective functions of the government and the private sectors may differ: whereas the latter is largely guided by market forces and profit constraints, the former may pursue political motives. For instance, it has been argued that politicians use public employment for redistributive purposes, directing income towards disadvantaged groups, 7 or that politicians are likely to link public wage agreements to election cycles. 8, 9 In turn, another set of theories stresses the fact that labor market institutions differ markedly between the public and the private sectors. For example, it has been documented that union density tends to be higher in the public sector. 10 On related grounds, it is argued that a wage premium arises because of differences in the bargaining power within the private and public sectors. 11 Other explanations are linked to the degree of public wage-setting centralization of countries. 12 Surprisingly enough, there is very limited empirical evidence that could help validate the alternative theories to explain the public-private pay gap just described. European Commission (2014) provides simple rank correlations between public wage gaps estimated with 2010 data for 26 European Union (EU) countries and some country characteristics, such as labor market institutions and the size of the government as an employer. They find a positive correlation between the public-private wage gap and employment protection legislation, and conjecture that this might arise because higher compensations are needed to make public employment attractive when private employment is more strongly protected. They also find a negative correlation with the size of public employment in the labor force, as also shown by others. 13 In turn, within the public administration literature, Llorens (2008) studies the determinants of US state-level public-private wage gaps and finds that, in particular cases, state unemployment, citizen liberalism, and unionization affect the gap positively.
In this paper, we aim to fill in this gap in the literature by providing broad-based empirical evidence on the variables driving the cross-country variation in public-private wage premia. To do so, we use two different and complementary data sets to compute wage gaps. First, we estimate public-private pay gaps for 25 (mostly EU) countries on the basis of data from the "European Union Survey of Living Conditions"(EU-SILC henceforth) for the period 2004 to 2012. Following the extant literature, we define public workers as those employed in the Public Administration, Education, and Health industries, as opposed to market activities, which constitute the private sector. The estimated public pay gaps are at the average of the distribution and control for observable characteristics of workers. Second, in order to expand the sample and analyze medium-term determinants, we use national accounts data for the period 1970-2014, covering 19 developed countries. In this case, by using aggregate data, we define the public pay gap as the ratio of total compensation per employee in the general government sector over that of the private sector.
Our main findings are the following. First, we show that more than half of the crosssectional variation in micro-data-based public pay gaps over 2004-2012 can be accounted for by the size and composition (specialization in public or individual goods) of the public labor force, as well as exposure to international competition. Second, and on related grounds, we estimate that wage differentials in some countries have narrowed down significantly during the recent financial crisis. Nevertheless, pay gap changes between 2007 and 2012 can be explained by the widespread process of fiscal consolidation rather than by the previous factors. Third, from a long-run perspective (using macro data), we show that openness to international trade and improvements in the quality of governments have been associated with decreases in the public wage gap.
The rest of the paper is organized as follows. Section 2 describes the database, the estimation of the public pay gaps with micro data, and the linkages between different (micro and macro) measures of the gap. Section 3 analyzes the determinants of the cross-country variation of pay gaps. First, of the cross section of gaps estimated with micro data, next by exploiting the variation witnessed in the recent financial crisis, and, finally, adopting a long-run perspective. Finally, Section 5 gives concluding remarks.
Data and variables

The public-private pay gap with micro data
As regards sources of micro data, we use the "European Union Statistics on Income and Living Conditions" (EU-SILC) survey, given its cross-country comparability, data availability for the pre-and post-crisis periods (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , and the fact that it covers most of European Union countries. Our sample includes all EU28 countries (with the exception of Bulgaria, Malta, Romania, Finland, and Croatia), as well as Norway and Iceland. The distinction between public and private sector employment is based on NACE (Statistical Classification of Economic Activities), Rev.2. The most recent data refers to the 2013 EU-SILC wave, which includes employment and earnings information pertaining to 2012. In this framework, as it is standard in the literature, the "government sector" is an approximation based on either the aggregation of the O (Public Administration and Defense, Compulsory Social Security), P (Education), and Q (Health and social work) sectors of the NACE classification (broad definition), or only the O sector (restricted definition). With the EU-SILC database, it is not possible to separate public employees from private sector employees in any of the sectors, being this particularly relevant for activities P and Q, where private providers are more prevalent. 14 In the case of EU-SILC data, the definition of "wages per employee" is computed based on the individual gross monthly earnings (including only monetary earnings and excluding financial income from investments, assets, savings, stocks, and shares) before netting out taxes and social contributions and the number of hours worked per week in the main job. Note also that the self-employed are excluded from the analysis.
We estimate the part of the wage gap that cannot be accounted for by (observable) individual characteristics. We follow the common approach of running Mincer-type wage regressions taking the logarithm of gross income per hour as the dependent variable. The set of covariates includes binary variables denoting married status, low and high education, managerial position, part-time job, gender, year, and region (2-digit NUTS) fixed effects, as well as a second-degree polynomial in experience (or age and age squared whenever information on experience is not available). 15 The specification also includes a binary variable (public) denoting that the individual works in the public sector. Thus, as per the usual approach, the coefficient associated with the variable (public) represents the earnings differential (evaluated at the mean of the distribution) that remains once the other relevant determinants are controlled for, and if estimated to be positive, it is labeled a public-private pay differential/premium/gap (or pay penalty if negative). 16 The specification for each country looks as follows:
where i is an iid idiosyncratic error term and the coefficients β, δ, and 2012 t=2004 λ t are estimated by ordinary least squares (OLS). Table 1 shows the estimates of the coefficient δ, i.e., the public sector pay gap. In a subsequent section of the paper, we will identify the variables that account for the cross-sectional heterogeneity of δ, its evolution during the recent financial crisis, and its dynamics during the last decades.
Individual characteristics account for a substantial fraction of the observed publicprivate wage gap, but there remains an unaccounted gap. For the pool of euro area countries, the estimated wage gap conditional on characteristics over the 2004-2012 period for the broad NACE proxy to the government sector (OPQ sectors) is 60% lower than the estimated unconditional wage gap (Table 1 , column (2) versus (1)), since the observable characteristics between the two sectors are different, e.g., in the public sector, workers are on average better educated than in the private sector. For the period 2004-2012 as a whole, positive wage gaps are estimated for 21 out of the 23 analyzed EU countries. Conditional wage gaps are larger for countries that suffered fiscal stress over the crisis (Cyprus, Spain, Ireland, Portugal, Greece, and Italy) and Luxembourg and tend to be higher when a more restricted definition of the government sector (NACE O sector) is considered (Table 1 , column (5)), i.e., when looking at the sectors in which there exists a quasi-monopoly power of the government as service provider. There has been a reduction in some countries in the estimated (conditional) wage gap as a consequence of the economic crisis and the recent fiscal consolidation episode (Table 1 , column (4) versus (3)). For the euro area as a whole (pool), the estimated conditional wage gap for the period 2010-2012 for the broad NACE proxy of government-related activities is 40% lower than the one estimated for the 2004-2009 period. In general, the wage premium falls more markedly in countries with larger pre-crisis levels.
The public-private pay gap with macro data
Regarding macro (aggregate) data, we focus on the general government sector as defined by the National Accounts, for the period 1970-2014. The longer time span is the first advantage of complementing micro-based pay gaps with gaps computed from macro data. In this latter case, our sample covers 19 developed countries, those for which we were able to gather long time series on the relevant variables: Austria, Belgium, Canada, Germany, Denmark, Spain, Finland, France, Greece, Ireland, Italy, Japan, Luxembourg, Netherlands, Norway, Portugal, Sweden, UK, and USA. The primary source of government wage bill data and all macroeconomic variables used throughout the study (GDP, prices, total economy wages and employment, population) is Eurostat for EU countries and the OECD (Economic Outlook Database) for non-EU countries (see Table 7 of Appendix 1 for the definition and sources of all the variables used in the paper). General government employment data, in turn, are taken from the OECD database. The measure of aggregate (macro) wages chosen for our analysis is compensation per employee. The main reason why we focus on total compensation rather than on wages is data limitations in terms of sample size and coverage of countries in our sample. We compute compensation per employee using compensation of employees and employment data. Compensation of private sector employees is defined as total economy compensation of employees minus compensation of government employees. Compensation per private employee is defined as private compensation of employees divided by total employees minus government employment minus self-employment. In Fig. 1a , b, we show the evolution over time of public-private pay differentials for a selection of countries. The evolution of the wage gaps is to a high extent country-specific, although there exists a pattern of decreasing pay gaps in the 1970s, stabilization, and a subsequent increase since the 1990s, at least for some countries. Regarding the level, countries in northern Europe have lower and negative pay differentials when compared with other EU countries, the USA, and Japan. The use of macro data allow us to use a delimitation of the government sector, the general government, that is more accurate that the approximation based on nonmarket activities (NACE sectors O, P, and Q) used in the previous section. 17 The main disadvantage is that the wage gap thus computed does not control for characteristics of the labor force; therefore, it tends to be larger. We will address this bias on a subsequent section by performing our regressions in first differences, hence removing this bias in levels. Our implicit assumption is that the bias remains relatively constant over time. In Fig. 1c, d , we compare the wage gaps computed from macro data with those computed from micro data, both conditional and unconditional on characteristics (columns (2) and (1) of Table 1 , respectively), for the group of countries present in both samples over the sample period in which they overlap (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . As expected, the wage gaps computed from macro data are generally larger but are much closer to the unconditional wage gaps computed from micro data. More importantly, the cross-country patterns observed in the micro data are preserved in the macro aggregates; hence, the analysis with aggregate data is meaningful. 18
Hypotheses to be tested
We characterize the variables that explain the cross-country variation in the publicprivate wage gap. Our choice of covariates relies on a body of research that has rationalized the existence of public-private wage differentials. Hence, we view our paper as an empirical test of these theories. According to the literature, conditional on characteristics, public and private sector workers can be paid differently for two broad reasons: (i) the government is the only provider of certain goods and services, which may generate noncompetitive wage settlements. Also, the private and the public sectors may have different objective functions: whereas the former is a profit maximizer, the latter may pursue other objectives such as vote maximization and redistribution, which also generate noncompetitive wage policies. (ii) Wage-setting institutions may differ between the private and the public sector (union density, collective bargaining, centralization, etc.).
We proxy for the monopolistic power of governments with four variables. The first is the ratio of public employment over total employment, which accounts for the size of the government sector as an employer. This variable is expected to correlate negatively with the public wage gap: a smaller public labor force is more likely to form an insider group of workers that enjoy market power in the supply of labor to the public sector and hence can settle more favorable wage policies. The second is the ratio of Public Administration employees over total public employees. This accounts for the composition of the public labor force, whether it is tilted towards the provision of pure public goods (those in the Public Administration, where the public sector faces limited competition from the private sector) or to individual goods (like Health and Education, where competition from the private sector is higher). Hence, it is expected to correlate positively with the public wage premium. Third is government effectiveness (from the Worldwide Governance Indicators), which proxy for the institutional quality of the public sector, which are expected to have a negative correlation with the wage gap. Higher wage gaps, being possibly the result of distortions in the economy, are less likely to exist if the quality of institutions is high. And fourth is exposure to international competition. This is expected to have a negative correlation with the wage gap, as foreign competition can help increase the efficiency and discipline the process of setting wages in the economy. 19 We measure exposure to international competition with the share of tradable sectors (agriculture and manufacturing) in total value added. We also use an index of openness, the ratio of imports and exports over GDP.
Our test on the second set of theories relies also on four variables. First is the measure of how much legislation protect workers (OECD), namely the degree of employment protection in the economy, which is expected to correlate positively with the wage gap. In view of the theories highlighting wage-setting institutions, we expect that countries with a higher protection of employment will exhibit higher public pay gaps, since the better the conditions to work in the private sector, the higher the required wages in the public sector in order to attract workers. Second, countries with a higher trade union density (both in the public and in the private sectors) will exhibit generally lower wage gaps, since trade unions are more likely to reduce the dispersion of wages by collective bargaining. Regarding the relationship between union density and the wage gap, probably the crucial determinant is the difference in union density between the public and the private sector. We test if this variable has predictive power in explaining the wage gap, but our analysis is limited by a too small number of observations with the available data. Third, we include an indicator of whether wages in the government sector are settled by collective bargaining as opposed to unilateral decisions. Collective bargaining is more likely to reduce the wage gap, if the bargaining process involves independent bodies that take into account the labor conditions in the economy. Finally, we include an indicator of centralization in the update of government wages. If wage updates in the government sector are centralized, the wage gap is expected to be higher, as public wages are more likely to deviate from the conditions of local labor markets.
Our choice of variables referring to each class of models stems from the empirical implications they entail. We stress size, composition, quality, and efficiency of the public sector as more related to the monopolistic power of governments and labor market institutions as more related to public wage settlements. It must be stressed though that this taxonomy is sometimes not straightforward, and some variables could be justified in the context of both types of models. We follow this approach to ease exposition and because it provides a suitable guidance to specify the regressions.
3 The determinants of the public-private wage gap
Cross-sectional determinants of the micro estimates
Given that our OLS cross-section regressions are performed on a small number of observations (25 countries for which we have estimates of the wage gap), we first explore the relationship of the wage gap with the variables linked to the monopolistic power of the government sector and, separately, to those proxying for wage-setting institutions. In a third specification, we add together those variables that were significant in the first stage and also add other proxies for economic conditions, namely per capita GDP, deficit, debt, and GDP growth, in order to check the robustness of the results.
The government monopolistic power and the wage gap
We start by drawing the scatterplots of the variables capturing the monopolistic power of governments with the wage gap (see Fig. 2 ), where the corresponding bivariate regressions are showed in Table 8 in the Appendix 2. A simple inspection of the raw data reveals that some of the patterns predicted by the theory hold (unconditionally) in our sample of countries. We find that in countries with smaller public labor forces, public workers relatively concentrated in Public Administration, and with less effective governments , pay gaps are significantly larger. Also, less exposure to international competition is associated with higher gaps, although this relationship is not statistically significant.
Moreover, some consistent patterns across country groups are apparent. For example, the Nordic countries (Denmark, Iceland, Norway, and Sweden) are characterized by large public labor forces in which the share of Health and Education is relatively higher (see Fig. 2a , b), two features that, according to the theories developed by the literature, support the finding that these countries experience the lowest pay gaps. Furthermore, the Nordic countries are the best performers in government effectiveness, a feature that also goes in favor of low gaps. On the opposite side, the Mediterranean nations (Cyprus, Spain, Greece, Italy, and Portugal) are characterized by large public labor forces specialized in Public Administration and relatively low levels of government effectiveness; thus, they deliver higher pay gaps. Some Central and Eastern European countries (Estonia, Latvia, Lithuania, Slovenia, Slovakia, Czech Republic, Hungary, and Poland) render roughly average wage gaps, which is consistent with shares of Public Administration workers also around the average. Yet, they are characterized by small public labor forces and low levels of government effectiveness. The remaining Central European countries (Austria, Belgium, Netherlands, Germany, France, and the UK) have also average pay gaps, which goes in line with government effectiveness levels slightly above the mean. Also, Germany, France, and the UK employ neither small nor big public labor forces, while the share of public employees is large in Belgium and the Netherlands and small in Austria. Two countries do not seem to belong to a specified category. Luxembourg and Ireland undergo the third and fourth largest pay gaps, respectively, in our sample, yet they enjoy high-quality governments and a fair amount of public employees. Despite this, they behave according Table 1 . Panels a to d show the correlation between the wage gap and the share of public employees, the ratio of Public Administration Employees (over public employees), the government effectiveness and the share of tradable sectors in total value added, respectively to the theory in the sense that they allocate a relatively high amount of workers to Public Administration, rather than to Health and Education. Overall, these results suggest that the characteristics linked to the monopolistic power of governments, which are somewhat comparable across countries within each group, help understand the cross-country variation of the public sector pay gap. Furthermore, to the extent that some theoretical works have rationalized the observed relationships, this evidence provides support to them. The bivariate relationships just discussed may overlook relevant interactions between the explanatory variables that can affect the correlations uncovered above. For this reason, it is worth exploring the relationship of these variables with the wage gap in a multivariate regression framework. In Table 2 , we show the results of regressing the wage gap on all the variables capturing the degree of the monopolistic power of governments. 20 The results tend to confirm the previous findings, with some qualifications. Column (1) shows that, conditional on the rest of the covariates, countries with a lower percentage of public employees, a composition of the public workforce tilted towards goods that are provided exclusively by the public sector, and that are less opened to international competition, have significantly higher wage gaps. Quantitatively, a one standard deviation decrease in the percentage of public employees (5.1 percentage points, being the mean 29.0%) is associated with an increase in the public pay gap of 5.2 percentage points (or 0.41 standard deviations, being the mean 8.5%); a one standard deviation increase in the share of public workers in the Public Administration with respect to overall public workers (8.3 percentage points, being the mean 32.9%) is associated with an increase of the public pay gap Notes: This table shows the regression of the public sector pay gap on country characteristics linked to the government monopolistic power in the provision of public services. The regression in column (6) excludes Luxembourg, as its openness is an outlier with respect to the sample (larger than the mean plus 5 standard deviations). Robust standard errors are in parenthesis Significance levels: * 10%; * * 5%; * * * 1% of 5.8 percentage points; and a one standard deviation increase in the share of tradable sectors in total value added (5.4 percentage points, being the mean 17.7%) is associated with a decrease in the wage gap of 5.0 percentage points. It is worth noting that this variable did not render a significant relationship with the pay gap in the bivariate framework (although it had the same sign), while the opposite happens for government effectiveness. This is so because there is a negative correlation, at least in our sample, between the quality of governments and the composition of public employment. That is, countries with more efficient governments employ a lower share of workers in Public Administration (relative to Health and Education), and they have on average lower gaps. Regarding exposure to international competition, the multivariate framework underlines the importance of accounting for the effectiveness of government to empirically verify the correlation between international competition and the wage gap, since, conditional on the latter, more exposure to international competition leads to significantly lower gaps. In column (2), we remove the government effectiveness from the regression and find that the other three variables remain statistically significant. The R-squared from this specification shows that these three variables explain 60% of the variation of the wage gaps in our sample. Given the small number of observations of these regressions, it is important to check that no outliers drive these results. In Fig. 3a -c, we plot the correlation between each covariate of the specification in column (2) with the dependent variable once the effect of the other covariates is removed, i.e., the partial correlations. 21 We can see that these correlations are genuine and are not driven by extreme observations. Table 2 . Specifically, panels a, b, and c show the partial correlation of the size of the public sector (share of public sector employees), the composition of the public sector (specialization in public goods), and the exposure to international trade (specialization in tradable goods), respectively. Panels d and e show the correlation (in deviations with respect to the mean) between labor market institutions and the public sector pay gap. Panel d shows the correlation of an index of employment protection legislation (column (2) of Table 3 ) and panel e of an index of trade union density (column (3)). Finally, panel f shows the correlation (in deviations with respect to the mean) between improvements in the CAPB during the crisis and changes in the public sector pay gap; see column (1) of Table 4 . Improvements in the CAPB are computed as the CAPB in 2012 minus the minimum in the period 2007-2011. Changes in the public sector pay gap correspond to the same period
The following columns of Table 2 check the robustness of these findings. Column (3) removes the share of tradable sectors in total value added. The size and composition of the public labor force remain significant explanatory variables of the public pay gap, being able to explain almost half of its variance. Columns (4) to (6) substitute each covariate by an alternative measure, capturing the same economic concept. Column (4) computes the size of the public labor force as the percentage of public employees over population, yielding an even lower point estimate. Column (5) substitutes the share of public employees in the Public Administration by the percentage of total compensation of employees aimed at collective goods, whose provision is carried out exclusively by the government sector, as opposed to individual goods, such as health and education (the source of these data is COFOG). This variable is positively correlated with the public pay gap, reinforcing the message that a higher monopolistic power of the government sector is associated with a higher wage gap. Finally, column (6) substitutes the share of tradable sectors in total value added by log openness. In this case, this variable enters nonsignificantly in the regression, although with the expected sign. Overall, these robustness checks are highly supportive of the main findings: the positive association between the public sector pay gap and the monopolistic power that the public sector enjoys in the production of certain goods and services.
Given that both the size and composition of public sector employees are important in explaining the wage gap, it is worth noting that the sign of the latter makes more sense when the private sector is more involved in Health and Education, which renders the former variable, as constructed from the broad definition of the government sector, less accurate. In order to address this concern, we have replaced the percentage of public employees constructed from the broad definition with the percentage of public employees constructed from the restricted definition (i.e., the ratio of Public Administration employees over total employment). We found that the results were very similar. A larger amount of public employees is associated to a significantly lower wage gap, while, conditional on size, the more specialization in public goods, the larger the wage gap. Therefore, the results do not seem to be driven by the specific definition of public sector workers.
While it is very difficult to empirically disentangle the specific mechanisms leading to the observed cross-country correlations, we have delved deeper into the relationship between openness and the wage gap. Specifically, it may be the case that well-run countries have public sectors with low pay gaps and very competitive private sectors, which in turn would lead to more openness to international competition. This would suggest that a third factor, the private sector competitiveness, would explain the correlation between openness and the wage gap. While this concern was partly addressed by adding to the regression the government effectiveness, which controls for the business environment of each country, we have also added a measure of private sector competitiveness in order to check whether conditional on it there is still an association between exposure to international competition and the wage gap. Specifically, we added the OECD product market regulation index, which captures the degree of pro-competition regulation in product markets. 22 Interestingly, we find that conditional on this variable, we still find that exposure to international competition is significantly associated to the wage gap. Indeed, the coefficient of the share of tradable sectors in total value added remains basically unchanged, and the product market regulation index enters nonsignificantly. This result suggests that international competition may discipline the public and private wages in the economy at least beyond the implementation of policies to promote competition.
Wage-setting institutions and the wage gap
In Table 3 , we test the theories that link the wage gap with the wage-setting institutions that prevail in the public vs. the private sector. In the joint regression of the wage gap against employment protection, trade union density, collective bargaining, and centralization of wage updates, none of the covariates is statistically significant, although employment protection, trade union density, and centralization bear the signs predicted by the theory; see column (1).
In the following columns, we consider the bivariate relationships of each of these variables with the public pay gap. In column (2), we find that a higher protection of private employment is associated with a significantly higher pay gap. Quantitatively, it means that a one standard deviation increase in employment protection is associated with a 3.9 percentage point increase in the public wage gap (0.34 standard deviations). The simple correlation (in deviations with respect to the mean) is displayed in Fig. 3d . We can see that the country groups identified in the previous section shed light on interpreting this result. The Nordic countries display below-average levels of employment protection and low pay gaps, while Southern European countries render exactly the opposite. However, it is worth noting that the Nordic nations exhibit lower gaps than predicted by employment protection, suggesting that other forces drive the gaps down, which is consistent with the pattern of trade union density and the wage gap that we describe below. At the mean of both the wage gap and employment protection lie Central and Eastern European countries. Finally, the case of the UK stands out, since the very low employment protection help rationalize a below-average public sector pay gap.
The next column shows the association of the trade union density with the pay gap. We find that a one standard deviation increase in trade union density is associated with a 6.8 percentage point decrease in the wage gap. The correlation displayed in Fig. 3e makes apparent that this relationship is driven by the Nordic countries. Actually, removing them from the regression yields a nonsignificant relationship between both variables. Moreover, the variable trade union density corresponds to the whole economy. If we consider instead the difference in trade union density between the public and the private sector, we do not find a significant relationship with the public pay gap; see column (4). Nevertheless, this result must be taken with caution as the number of observations of this regression is very low. We also consider the relationship between the wage gap and the coverage of collective bargaining agreements, which may capture better the pay homogenization induced by trade unions. This relationship is negative, as expected by theory, but not statistically significant (the p value is 0.17, not shown).
In column (5), we show that there is no significant bivariate relationship between the wage gap and wages being set by collective bargaining. On the contrary, countries where wage updates are carried out in a centralized manner have on average a wage gap 10.8 percentage points higher than countries where wage updates are decided in a decentralized manner; see column (6). In this regard, it is worth noting that five out of the six countries exhibiting the largest gaps (Cyprus, Luxembourg, Ireland Portugal, and Greece) are characterized by centralized public wage updates, the exception being Spain. Moreover, there are only two countries out of nine (Hungary and France) where wage updates are centralized and the pay gap is below average.
Overall, the results discussed in this section provide some evidence on the link between wage-setting institutions across countries and the public pay gap. However, it must be noted that they explain less of the cross-country variation of the wage gap than theories stressing the monopolistic environment in which governments operate, and the correlations lose their statistical significance once they are computed in a multivariate regression framework.
Further results in the cross section
The findings discussed in the previous two sections are further confirmed when we implement a horse race between both theories (not shown). 23 Specifically, we add together the proxies for the monopolistic power of governments and the wage-setting institutions (the latter added one at a time). When we regress the public wage gap against the percentage of public employees, the share of public employees in Public Administration, the share of tradable sectors in total value added, and the employment protection legislation, it turns out that only those variables reflecting the monopolistic power of the public sector are significant in explaining the wage gap, having similar coefficients as those found in Table 2 . This result is confirmed when we include the variable trade union density, whose coefficient is not statistically significant. Moreover, if we add the indicator of centralized wage updates, it also enters nonsignificantly.
We also checked that these results are robust to excluding the years of the financial crisis, which may introduce some noise in the relationship between the wage gap and its fundamentals. Actually, the estimates are more precisely estimated when using the sample 2004-2007, and none of the economic conditions have explanatory power. 24 In addition, we also check the robustness of the results to adopting a narrower definition of the public sector. We restrict it to Public Administration (industry O), i.e., we consider Education and Health (industries P and Q) to belong to the private sector. We find that the public sector wage gap under such a definition is also significantly related to the size and composition of public sector employees, as well as exposure to international trade. Labor market institutions do not have predictive power in explaining the wage gap, once the other variables are controlled for. 25 We also analyzed the relationship between the overall pay gap and that of female workers and workers at the lower end of the income distribution. If the public sector follows more egalitarian practices in the setting of wages, (at least part of ) the overall pay gap may be the result of discrimination (for example, to women) in the private sector. We found that indeed in almost all countries, the conditional pay gap is larger for female workers and workers at the first quartile of the income distribution; see Appendix 2. 26 However, the cross-country differences in the pay gap of women and low-income workers are virtually the same as those of the overall population (the correlations are .99 and .98, respectively). Hence, the structural determinants uncovered in this section also account for a large fraction of the cross-country variability in pay gaps of these groups. To sum up, then, we find support that the government monopolistic power explains a large part of the cross-country variation in the public pay gap, at least in our sample of 25 (mostly) EU countries. 27
Exploiting changes during the financial crisis
During the last few years, a large sample of EU countries have undergone fiscal consolidation processes of different degrees aimed at controlling increasing fiscal deficits stemming from the financial crisis. In this regard, measures focused on restraining the government wage bill played a significant role, with actions on this front being adopted by several countries. We showed in Table 1 that wage gaps in some countries were reduced during the crisis/consolidation period, while in others they remained constant or even increased. Thus, in this section, we study whether the change observed in the gap during this period can be linked to changes in the determinants of the previous section or to the effect of fiscal consolidation measures. Before we proceed, we raise a flag in interpreting the results of this section, given our small sample size, the turbulent times associated with the financial crisis, and the different set of austerity measures undertaken in each country, which may introduce additional noise in the estimations. Moreover, it must be stressed that the pay gap reflects wage developments in both the public and the private sector. Fiscal retrenchment may squeeze public sector wages, while, in parallel, labor market deregulation can reduce wages in the private sector. Hence, differences in labor market developments may result in heterogeneous cross-country outcomes in wage growth and eventually may bring about wage gap increases or decreases.
We define the fiscal effort as the difference in the cyclically adjusted primary balance (CAPB) between 2012 and the minimum of the period 2007-2011. This definition takes into account that some countries carried out front-loaded fiscal consolidations, while others delayed this process. Of the 23 EU countries in our sample, during the period 2007-2012, 18 countries posted the lowest CAPB in 2008-2010, 1 in 2007, 3 in 2011 , and only 1 exhibited the worst CAPB in 2012, which was nevertheless contained (Denmark, with a CAPB of 1.7 percent of GDP). Armed with this definition, we study whether countries that made larger fiscal efforts brought the public pay gap down more.
Column (1) of Table 4 shows that indeed improvements in the CAPB have been associated with significant decreases in the public sector pay gap in our sample. The point estimate suggests that a country improving its CAPB in 3.3 percentage points of GDP (the average of our sample) was able to reduce the public pay gap 2.5 percentage points. Note that the average reduction of the pay gap is 1.5 percentage points; hence, this decrease is very large. Figure 3f shows the correlation (in deviations with respect to the mean) of the change in the CAPB and the change in the wage gap. Note that the slope is affected by the huge improvement in the CAPB of Greece, of more than 10 percentage points above the average. If Greece is removed from the regression, the point estimate is even lower (−0.0092), although its statistical significance decreases (to a p value of 0.08).
The association between the improvement in the CAPB and the evolution of the pay gap can be explained, at least to some extent, by the discretionary actions taken by governments during this period. 28 For example, five of the six countries that experienced the largest decreases in the pay gap adopted public wage cuts during the crisis: Greece (2010 Greece ( -2014 , Slovenia (2012 Slovenia ( -2014 , Spain (2012 Spain ( -2014 , Latvia (2009 ), and Portugal (2011 . In contrast, increases in the wage gap during this period were more likely in countries with no measures regarding public wages (Germany and Lithuania) or wage freezes (France and Belgium). There are two countries that deviate from this pattern. On the one hand, Hungary experienced a sharp decrease in the pay gap, despite resorting only to wage growth controls in [2007] [2008] . On the other hand, Cyprus implemented wage freezes and cuts during 2011-2014, and still, the estimated wage gap increased by a substantial amount. As mentioned before, these patterns can be the result of outweighing developments in the private sector.
Columns (2) to (6) of Table 4 explores whether the variables that explain the heterogeneity in the levels of the wage gap can also account for the evolution during the crisis. It turns out that no variable enters significantly, suggesting that their effects are mainly felt in the long run. The only exception is the employment protection legislation, which enters significantly but with an opposite sign (more labor protection being associated with a lower wage gap). This result, which is at odds with theory, is driven by two countries, Estonia and Slovakia, which elicited legislation to reduce the protection of workers, but at the same time experienced increases in the public pay gap.
Long-run determinants of the public pay gap
To identify the long-run determinants of the dynamics of the public pay gap, we run the following regression:
where Wage Gap ct is the change in the macro wage gap between t and t − 1; X ct are changes in possible determinants of the dynamics of the wage gap, namely percentage of public employees, openness, share of public employees in Public Administration, government effectiveness, employment protection, and trade union density; and t λ t are period fixed effects. The estimation is carried out by pooled OLS. Following the literature on growth, in order to remove the effects of the business cycle, each period is a 5-year average. Table 5 shows the results. In column (1), we start by studying the relationship between the dynamics of the wage gap and those of the size of the public labor force and exposure to trade. The availability of data for these two variables allows us to estimate the regression covering the whole period 1975 to 2014 (eight 5-year periods). We find that increases in the size of the labor force and in exposure to foreign competition are significantly 1975-2014 1980-2014 1985-2014 2000-2014 1990-2014 2000-2014 Notes: This table shows the regression of 5-year changes in the macro wage gap on 5-year changes of country characteristics linked to the government monopolistic power in the provision of public services and labor market institutions (long-run determinants of the public pay gap, Eq. (2)). Robust standard errors are in parenthesis Significance levels: * 10%; * * 5%; * * * 1% associated with reductions in the public sector pay gap. The point estimates suggest that an increase of one standard deviation in the change of the percentage of public employees (1.5 percentage points) is associated with a decrease of 2.7 percentage points (0.29 standard deviations) in the change of the wage gap. Also, an increase of one standard deviation in the change of the openness ratio (9.4 percentage points) is associated with a decrease of 1.6 percentage points (.17 standard deviations) in the change of the wage gap. This last association is very robust to different specifications, whereas the relationship between the percentage of public employees and the wage gap, although always negative, is somewhat less stable (see the following columns). In column (2), we include as an additional determinant the first difference of the share of public workers that work in Public Administration. The lower availability of data for this variable reduces our estimation to a shorter time period and therefore decreases considerably the number of observations. The point estimate suggests that increases in this ratio are associated with increases in the wage gap, but opposite to the cross-sectional regressions, the relationship is not statistically significant (p value is 0.31). In column (3), we include the first difference of an index of government quality (the International Country Risk Guide Indicator of Quality of Government), which captures the level of efficiency of the public sector. This index has the advantage that is available for all countries in our sample and for a long time period . We see that improvements in the quality of government are associated with lower wage gaps (in first differences). A one standard deviation increase in the change of government quality is associated with a 2.7 percentage point decrease in the change of the pay gap, which is 0.34 standard deviations, being this relationship statistically significant. Moreover, this relationship holds when we use an alternative measure of the quality of the public sector, the index of government effectiveness of the Worldwide Governance Indicators; see column (4). In this case, a one standard deviation increase in the change of government quality is associated with a significant 2.6 percentage point decrease in the change of the Fig. 4 Partial correlation between government effectiveness and the public pay gap. Notes: This figure shows the correlation between 5-year changes in the quality of public services of a country and changes in the public sector pay gap, once other characteristics are controlled for, namely changes in the number of public employees and changes in openness; see column (4) of Table 5 . The negative slope indicates that improvements in the quality of public services are associated in the long run with lower public sector pay gaps pay gap, which is 0.33 standard deviations. 29 Figure 4 shows that this association is not driven by outliers, although the estimation comprises just three time periods. Moreover, the association between improvements in government quality (including either indicator) and decreases in the pay gap is robust to include country fixed effects in the change of the wage gap (not shown). With respect to the variables linked to wage-setting institutions, employment protection and trade union density, we find no statistical relationship with respect to the wage gap; see columns (5) and (6). Although the sign of employment protection is positive, it lacks statistical significance, whereas changes of trade union density are estimated to be uncorrelated with changes in the wage gap. Overall, this long-run analysis corroborates the importance of accounting for the government monopolistic power in explaining the wage gap. From a long time period perspective, increases in foreign competition and improvements in the institutional quality of governments are associated with significant reductions in the public sector pay gap. The evidence also suggests that increases in the number of employees are also associated with reductions in the public sector pay gap, but in this case, the estimates are more noisy.
In Table 6 , we test that our strategy to take 5-year averages effectively removed the effects of the business cycle. We add as additional determinants to the change in the wage gap the first difference of several proxies of economic conditions, namely real GDP, the general government deficit, the level of public debt, and the unemployment rate. None of these variables enter significantly in either regression, whereas the coefficients of percentage of public employees, openness, and government effectiveness remain stable and statistically significant, the only exception being the coefficient of government quality Notes: This table shows the regression of 5-year changes in the macro wage gap on 5-year changes on country characteristics linked to the government monopolistic power in the provision of public services and business cycle variables. Robust standard errors are in parenthesis Significance levels: * 10%; * * 5%; * * * 1%
in column (4), with a p value of 0.19. This reassures the robustness of the association between the dynamics of the government sector and the public pay gap.
Conclusions
In this paper, we provide descriptive evidence on the determinants of the levels and dynamics of the public pay premia in a large set of mostly EU countries. We show three results. First, more than half of the cross-sectional variation in public pay gaps can be accounted for by the size and composition of the public labor force, as well as exposure to international competition. Second, the evolution of the gap during the recent financial crisis is significantly explained by improvements in fiscal positions. Third, openness to international trade and improvements in the quality of governments have been associated in the long run with decreases in the public pay gap. These findings are rationalized by an extensive body of research that stresses that the noncompetitive environment in which the government sector operates is at the root of the higher earnings enjoyed in the public sector. Given the important effects this has on the labor market and the competitiveness of countries, our findings shed some light on the source of these inefficiencies and help policy makers design public wage bill policies aimed at providing the correct incentives, improve overall efficiency, and achieve fiscal soundness.
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Appendix 1
Data: definitions and sources (2013) Ratio of wage and salary earners that are trade union members , divided by the total number of wage and salary earners. Coverage of collective bargaining Visser (2013) Employees covered by collective (wage) bargaining agreements as a proportion of all wage and salary earners in employment with the right to bargaining, adjusted for the possibility that some sectors or occupations are excluded from the right to bargain. Bargaining Table 2 of European Commission (2014) The predominant regime of wage setting in the government sector is collective bargaining as opposed to unilateral decision. Centralization 
Quality of government
International Country Risk Guide (ICRG) and Teorell et al. (2015) The mean value of the ICRG variables "Corruption," "Law and Order," and "Bureaucracy Quality," where higher values indicate higher quality of government. Corruption is an assessment of corruption in the political system. Law and Order assesses the strength and impartiality of the legal system as well as the popular observance of the law. Bureaucratic Quality measures the institutional strength and quality of the bureaucracy. Unemployment rate Eurostat Unemployment rate, annual average. Notes: This table shows the correlation between the public sector pay gap and country characteristics linked to the government monopolistic power in the provision of public services, the labor market institutions, and the business cycle. This is the analog of Notes: This table shows the correlation between the Public Administration pay gap and country characteristics linked to the government monopolistic power in the provision of public services, the labor market institutions, and the business cycle. This is a table analogous to Table 9 , but the wage gap is that of the Public Administration (industry O) vs. the rest of the economy, whereas in Table 9 , it is that of the NACE proxy to the government sector (industries O, P, and Q) vs. the rest of the economy. The presence of the private sector is negligible in industry O, whereas it can have a large presence in industries P and Q, depending on the country. Robust standard errors are in parenthesis Significance levels: * 10%; * * 5%; * * * 1% a b Fig. 5 Public-private pay differentials of women and low-income workers and comparison with overall pay gaps. Notes: Panel a compares the public sector pay gap conditional on observed worker characteristics (EU-SILC, see Eq.
(1)) of the full sample and the sample of female workers. Panel b compares the pay gap of the full sample with that of workers at the first quartile of the income distribution. The gap of female workers is computed by estimating Eq. (1) for the sample of female workers. The gap of low-income workers is computed via a quantile regression with the same covariates as in Eq.
(1). In almost all the countries, the gaps of women and low-income workers are larger than that of the full sample. Nevertheless, the cross-country differences remain
